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SUPPLEMENTAL EXPERIMENTAL PROCEDURES
Behavioral Tasks. The monkeys were trained to perform the Oculomotor Delayed Response (Funahashi et al., 1989) and anti-saccade tasks (Hallett, 1978) . The ODR task is a spatial working memory task, requiring a saccade towards the location of a remembered visual stimulus. Trials began with the appearance of a white fixation point that the monkeys were required to foveate for 1 s. A cue was then presented for 0.5 s, consisting of a 1° white square stimulus that could appear at one of eight locations arranged on a circle of 10° eccentricity. After a 1.5 s delay period, the fixation point was extinguished and the monkey was required to make an eye movement to the remembered location of the cue within 0.6 s.
The anti-saccade task required an immediate saccade away from a cue stimulus. Trials started with the appearance of a green fixation point. After 1s fixation, the cue, consisting of a 1° white square, appeared at one of four locations arranged on a circle of 10° eccentricity for 0.1 s.
The monkey was required to make a saccade at the location diametric to the cue. The saccade needed to terminate on a 5-6° radius window centered on the stimulus (within 3-4° from the edge of the stimulus), and the monkey was required to hold fixation within this window for 0.1 s.
Animals were rewarded with fruit juice for successful completion of a trial. Eye position was monitored with an infrared eye tracking system (ISCAN, RK-716; ISCAN, Burlington, MA).
Breaking fixation at any point before the offset of the fixation point aborted the trial and resulted in no reward. The stimulus presentation and online behavioral control was achieved by in-house software (Meyer and Constantinidis, 2005) .
We used three different variants for the anti-saccade task: overlap, zero-gap, and 100-ms gap, differing in the sequence of the cue onset relative to the fixation point offset (Fig. 1B) . In the overlap condition, the cue appears first, and then and fixation point and cue are simultaneously extinguished. In the zero-gap condition, the fixation offset and the cue onset occur at the same time. In the gap condition, the fixation turns off and a 100 ms blank screen is present before the cue onset. During recording sessions, there were four possible cue locations for each task variant, involving either the cardinal axes or the diagonal axes so there are 3x4 types of trials in each recording block. The sequence of these 12 trials was randomized in each block. During each recording session, monkeys first performed the ODR task to determine the receptive field of neurons recorded online, and then performed the anti-saccade task.
Surgery and neurophysiology.
Once the monkeys were trained in the ODR and anti-saccade tasks, recordings were performed from two 20-mm diameter recording cylinders implanted over the prefrontal and parietal cortex of each animal. Recordings were obtained from areas 8a and 46 of the dorsolateral prefrontal cortex, and areas LIP and 7a of the posterior parietal cortex.
Localization of the recording cylinder was based on MR imaging, processed with the BrainSight system (Rogue Research, Montreal, Canada). Precise histological localization of recording sites was not available but we distinguished between anterior prefrontal recordings in the principal sulcus region, corresponding to area 46, and posterior sites in the prefrontal cylinder, between the caudal end of the principal sulcus and the arcuate sulcus, corresponding to area 8a.
Recordings that could not be precisely localized were omitted from the intra-area comparison.
Similarly, we distinguished between parietal recordings obtained from the crown of the gyrus between the intraparietal and superior temporal sulcus, corresponding to area 7a and recordings in the posterior bank of the intraparietal sulcus, at depths greater than 2.5mm from the cortical surface, corresponding to area LIP. Recordings were collected with epoxylite-coated
Tungsten electrodes with a diameter of 250 μm and an impedance of 4 MΩ at 1 KHz (FHC Bowdoin, ME). Electrical signals recorded from the brain were amplified, band-pass filtered between 500 and 8 kHz, and stored through a modular data acquisition system at 25 μs resolution (APM system, FHC, Bowdoin, ME).
Neural Data Analysis. Recorded spike waveforms were sorted into separate units using an automated cluster analysis method based on the KlustaKwik algorithm (Harris et al., 2000) . Firing rate of units was then determined by averaging spikes in each task epoch. In the ODR task, we identified neurons with significant elevation of firing rate in the 500 ms presentation of the cue, the 1500 ms delay period, and the 250 ms response epoch, after the offset of the fixation point. Firing rate in these periods was compared to the 1 s baseline fixation period, prior to the presentation of the cue, and neurons with significant difference in firing rate were identified (paired t-test, p<0.05). Neurons selected for further analysis were those that responded during a task period of the ODR task, and continued to be responsive during the anti-saccade task (which was as evidenced by significantly elevated responses in the 250 ms window following the onset of the cue).
Visual neurons included in the analysis were neurons without motor responses in the ODR task, no delay activity that could be related to motor preparation, and clearly defined receptive fields that did not encompass the location diametric to the best response location. We similarly identified motor neurons with no visual or delay period activity, and clearly defined response fields. Visuo-motor neurons exhibited both visual and motor activity.
Firing rates in a 200 ms window were subjected to a 2-way ANOVA, using cortical area and task variant (overlap, zero-gap, and 100 ms gap) as factors. For some comparisons, we subtracted the baseline firing rate (computed in the 1 s fixation period that preceded the cue) before performing the ANOVA test. We also performed comparisons of anticipatory firing rate preceding the cue; this involved averaged firing rate in the 200 ms preceding the cue presentation. Finally, some analysis was performed on neural responses aligned to the onset of the saccade. In this case, firing rate was calculated in the 200 ms preceding the saccade onset.
A Receiver Operating Characteristic (ROC) analysis was used in order to compare the distributions of firing rates of a neuron to two stimulus conditions, as we have done previously for prefrontal data (Qi et al., 2011) . The area under the ROC curve represents the probability that an ideal observer can discriminate between the two stimuli based on their firing rate in each trial (Tolhurst et al., 1983) . For each neuron we first determined the stimulus location that elicited the best stimulus response, during the ODR task. We then compared responses in the anti-saccade task involving a stimulus at the best location and at its diametric location (corresponding to the saccade in the receptive field). The analysis was performed in a timeresolved fashion, comparing responses in a 100-ms long moving window, computed in 10 ms steps.
